Background: Hypopituitarism in the absence of a history of pituitary pathology or abnormal pituitary imaging is rare. Aim: To identify the cause of hypopituitarism in individuals in whom pituitary imaging was normal. Design: Retrospective analysis of electronic patient record. Method: A review of the pituitary function in the 506 patients on the Morriston Hospital pituitary database revealed 230 had some degree of hypopituitarism and of these, 21 (9%) had normal pituitary imaging. Results: Of this group, six patients had a past medical history of subarachnoid haemorrhage, head injury or meningitis, and mainly suffered from a deficiency of antidiuretic hormone. One patient had a stroke resulting in multiple anterior hormone
Introduction
Hypopituitarism is an uncommon condition with a prevalence of 46 per 100 000 and is most commonly caused by pituitary tumours, pituitary surgery or radiotherapy. 1 Other causes include pituitary apoplexy, Sheehan's syndrome, stroke, traumatic brain injury and subarachnoid haemorrhage (SAH). 1, 2, 3 More rarely, infiltrative processes such as lymphocytic hypophysitis, sarcoidosis and haemochromatosis are associated with hypopituitarism.
Idiopathic hypopituitarism, where no apparent cause can be identified despite appropriate pituitary imaging is rare. Bates et al. reported there was no apparent cause found in 8% of 172 individuals with total hypopituitarism. 4 Another study followed individuals who had idiopathic hypopituitarism with normal pituitary imaging and subsequently found them to have haemochromatosis.
The aim of this study was to identify the cause of hypopituitarism in individuals in whom pituitary imaging was normal from a database of patients attending a pituitary clinic at Morriston Hospital, Swansea.
Methods
Since 2002, all patients attending the pituitary clinic at Morriston Hospital, Swansea have been entered in a database. A search of the database was undertaken using the terms 'disorder of the pituitary gland' and 'hypopituitarism'. All patients had computerized tomography (CT) or magnetic resonance imaging (MRI) of the pituitary gland which had been reported by a consultant neuroradiologist. Those with absolute contraindications against MRI received CT imaging only.
Past medical histories were obtained from clinic letters and the database and results of endocrine tests from the routing in-house accredited Chemical Pathology laboratory.
Results
Of 506 patients in the Morriston Hospital Pituitary Database, 230 had a degree of hypopituitarism. Abnormal pituitary imaging was present in 190 patients. The causes are listed in Table 1 . Of these, 163 had pituitary tumours, either functioning or non-functioning. Fifty-four individuals had surgical intervention alone and a further 57 patients had combined surgical treatment and radiotherapy. Twelve individuals received only pituitary radiotherapy while 40 had no intervention at all. Fifteen subjects had nonpituitary tumours such as meningiomas; the majority of these had surgery or radiotherapy.
Four subjects who had not undergone surgery were diagnosed as having had an episode of pituitary apoplexy on the basis of the history and radiological findings. Five individuals with hypopituitarism had empty sella syndrome identified on MRI. Other causes included Rathke's cleft and lymphocytic hypophysitis. One patient known to have sarcoidosis had a pituitary mass lesion which was assumed to be neurosarcoidosis.
Nineteen individuals were excluded from the study as they had conditions not conventionally considered a cause for hypopituitarism (Table 2) . Three individuals had Kallmann syndrome, four patients had late onset male hypogonadism where the individual had hypogonadism but normal gonadotropin levels and five had idiopathic gonadotropin deficiency. Three individuals were found to have sleep apnoea, another was an intravenous (IV) drug user and one individual abused anabolic steroids. All of these subjects had isolated gonadotropin deficiency. Two patients were on long-term steroids which resulted in secondary adrenal insufficiency.
Twenty-one subjects with some degree of hypopituitarism had normal pituitary imaging as reported by a consultant neuroradiologist (Table 3) . A cause was identified from the clinical history in the majority of patients. One individual had a history of SAH and three had a history of head injury, all four had confirmed cranial DI. One individual had confirmed adrenocorticotropic hormone (ACTH), thyroid stimulating hormone (TSH) and gonadotropin deficiency and had suffered from a stroke in the past. Two patients had a history of meningitis, one had cranial DI and the other had ACTH, TSH and gonadotropin hormone deficiencies. Of this group four patients had only CT imaging of the pituitary gland which was normal. Idiopathic cranial DI was identified in six individuals and confirmed with a water deprivation test.
Further investigations confirmed the cause of hypopituitarism in six more individuals with normal pituitary imaging on MRI. Four patients had haemochromatosis, of these two had gonadotropin deficiencies, one had cranial DI confirmed on a water deprivation test and one had panhypopituitarism. Two of these individuals were found to have a pituitary microadenoma on MRI scanning which was thought to be an unrelated incidental finding. Neurosarcoidosis was diagnosed in two individuals with panhypopituitarism by a consultant neurologist. Both had epilepsy and histological confirmation of sarcoidosis from sites outside the central nervous system (CNS) but normal pituitary imaging on MRI.
The remaining two individuals had no identifiable cause for their hypopituitarism. Both had deficiencies in TSH and gonadotropins, however only one patient consented to stimulation testing for confirmation of growth hormone (GH) deficiency. Both subjects had normal pituitary imaging on MRI and nothing in their past medical history to explain their hypopituitarism.
Discussion
The results of this observational study show that hypopituitarism in the presence of normal pituitary imaging can be due to a wide variety of conditions. All these have been previously reported to be associated with pituitary dysfunction but in many cases only on an anecdotal basis. This is the first series of patients with hypopituitarism with normal pituitary imaging.
The results suggest that in patients with hypopituitarism and normal pituitary imaging, certain causes may be associated with particular hormone deficiencies. Thus patients with acute onset events, such as SAH or head trauma, appeared to particularly likely to develop posterior pituitary dysfunction. DI following traumatic brain injury is well recognized. 6, 7 In contrast none of these patients had anterior pituitary hormone deficiencies although this has been previously reported to be at least as common as following brain injury or SAH. 8, 9 Meningitis has been associated with multiple hormone deficiencies as has been found in the two individuals in this population. 10 Of the eight individuals without an obvious cause of hypopituitarism at presentation, four were found to have haemochromatosis. One of these individuals had panhypopituitarism and one had cranial DI. Both of these are unusual, the most common pituitary dysfunction related to haemochromatosis is gonadotropin deficiency. 11, 12 This study highlights the importance of screening for haemochromatosis in individuals with apparent idiopathic hypopituitarism, not least because pituitary function can improve after iron depletion therapy. 13 Two subjects in this study were diagnosed as having neurosarcoidosis as the cause of their hypopituitarism. It is a recognized cause of pituitary dysfunction, Bates et al. reported sarcoidosis as the cause in 1% of their series of hypopituitary subjects. 4 Sarcoidosis can cause deficiencies of any of the anterior or posterior pituitary hormones, 14 however, all previous studies and series have reported that hypopituitarism secondary to sarcoidosis is associated with abnormalities of the pituitary or hypothalamus on imaging. [15] [16] [17] [18] The two patients in our study had normal pituitary MRI imaging and a histological diagnosis of sarcoidosis from sites outside the CNS. We cannot be certain that sarcoidosis was the cause of their hypopituitarism, but it is highly likely in the absence of any other possible cause.
Finally no cause for hypopituitarism could be found in two subjects with entirely normal pituitary MRI's. Possible causes include the infarction and disappearance of a previous pituitary tumour but there was no history to suggest this. It is more likely there was an infiltrative condition of either the pituitary or hypothalamus including sarcoidosis. 
